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(57) ABSTRACT 

A Sense amplifier type input receiver includes a differential 
receiver circuit operatively coupled to an output stage. The 
output stage includes a pass gate enabled latch. The differ 
ential receiver circuit may output a first differential output 
and a Second differential output. The output Stage may 
include a first pass gate operatively coupled between the first 
differential output and an output of the output Stage, a 
Second pass gate operatively coupled between the Second 
differential output and the pass gate enabled latch, and the 
pass gate enabled latch may be operatively coupled to the 
output of the output stage. A first clock signal and Second 
clock signal may be coupled to the first pass gate to enable 
passing of the first differential output to the output of the 
output Stage, the first and Second clock Signals may be 
coupled to the Second pass gate to enable passing of the 
Second differential output to the pass gate enabled latch, and 
the first and Second clockS Signal coupled to a pass gate of 
the pass gate enabled latch to enable operation of the pass 
gate enabled latch. A first inverter may be operatively 
coupled between the first differential output and the first pass 
gate, a Second inverter operatively coupled between the 
Second differential output and the Second pass gate, and a 
third inverter operatively coupled to the output of the output 
Stage. 

4 Claims, 5 Drawing Sheets 
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SENSE AMPLIFIERTYPE INPUT RECEIVER 
WITH IMPROVED CLK TO Q 

BACKGROUND OF THE INVENTION 

In computer and information processing Systems, various 
integrated circuit chips must communicate digitally with 
each other over common buses. The receiving bus nodes 
recognize the Signal as being high or low using receivers, 
also referred to as input buffers. Often the receiver is a 
differential receiver, i.e., a receiver that detects the differ 
ence between two input Signals, referred to as the differential 
inputs. These input Signals may be a received signal and a 
reference Voltage or they may be a received signal and the 
inverse of the received signal. In either case, it is the 
difference between the two input signals that the receiver 
detects in order to determine the State of the received signal. 

Integrated circuits are powered at certain Voltage levels, 
which levels are then provided to the various components, 
Such as the receivers, which are located on the integrated 
circuit. However, the nominal Supply Voltage for integrated 
circuits keeps being decreased to reduce power consump 
tion. Additionally, fluctuations of the Voltage level during 
operation can make the Voltage level powering a receiver 
even lower. The lower the Supply Voltage, the more chal 
lenging it is to get a receiver to operate reliably. 

The Signal frequency at which communication occurs can 
limit the performance of the overall system. Thus, the higher 
the communication frequency, the better. The maximum 
frequency at which a System communicates is a function not 
only of the time that it takes for the electromagnetic wave 
fronts to propagate on the bus from one chip to another, but 
also of the time required for the Signals to be reliably 
recognized at the receiving bus nodes as being high or low. 
Characteristics that affect the time in which a Signal is 
recognized by a receiver include the Set up time of the 
receiver, i.e., the amount of time before a clock edge that a 
Signal must arrive and Settle to a recognized level, and the 
hold time of the receiver, i.e., the time that the received 
Signal must stay at a certain level in order for that level to 
be detected by the receiver. Other characteristics that affect 
the ability of the receiver to determine that state of the 
received signal include the ability of the receiver to reject 
input noise and power Supply noise and Sensitivity, i.e., the 
ability of the receiver to resolve small voltage differences 
between the differential inputs of the receiver. There are 
many kinds of receivers, inverters, differential amplifiers, 
and Sense amplifiers. Sense type of receivers have the 
advantage of good Sensitivity, i.e., almost Zero Setup time 
and a specific hold time. These features improve timing for 
high Speed I/O interfaces. 

Referring to FIG. 1, a Sense amp type input receiver 
generally includes a differential sense amplifier (10) having 
a single-ended inverter chain (9). The differential sense 
amplifier (10) compares the received input voltage (PAD) 
with the reference voltage (Vref) and resolves the small 
difference between them using cross-coupled inverters hav 
ing cross-coupled pmos transistors (101) and (102) and 
cross-coupled nmos transistors (103) and (104). This cross 
coupled inverters are disabled during the pre-charge phase 
using the transistor (105) and outputs (Sense) and (Sense) 
are pre-charged to V, using transistors (116) and (120) and 
equalization is done using transistor (118). During the evalu 
ate phase, voltage difference between the PAD and Vref 
results in differential Voltage across the cross-coupled 
inverters by enabling transistor (105), (which is enabled by 
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2 
eval clk) and transistors (106) and (110) (which are enabled 
by dclk). Cross-coupled inverters amplifies even the Small 
voltage difference between the PAD and Vref because of the 
positive feedback mechanism. A full Swing (0 to V, or 
vice-versa) is realized on the (Sense) and (Sense) lines. 
The lines (Sense) and (Sense) lines are then fed to the 

output stage, i.e., the Single-ended inverter chain (9). The 
output (Sense) is fed to inverter (1) and output of which is 
fed to inverter (2). The output (Sense) is fed to inverter(3). 
The output of inverter (2) is fed to gate of pmos transistor (4) 
and output of inverter (3) fed to gate of nmos transistor (5). 
Transistors (4) and (5) are connected a latch having of 
inverters (6) and (7) and output inverter (8). The pair of 
transistors (4) and (5) are connected in Series between V, 
and Ground (GND) and coupled through inverter (8) to the 
output (Q). This latch is updated with the (Sense) and ( 
Sense) lines during the evaluate phase. (Sense) and (Sense) 
always resolve to the same logic at the output (Q) because 
(Sense) passes through three inverting stages, (1), (2), and 
(4) and (Sense) passes through two inverting stages (3) and 
(5). In this implementation, differential nature of (Sense) and 
(Sense) is not used which results in increased delay from 
(eval clk) to Q. 

SUMMARY OF THE INVENTION 

In one or more embodiments, a Sense amplifier type input 
receiver comprises a differential receiver circuit operatively 
coupled to an output stage. The output Stage comprises a 
pass gate enabled latch. The differential receiver circuit may 
output a first differential output and a Second differential 
output. The output stage may comprise a first pass gate 
operatively coupled between the first differential output and 
an output of the output Stage, a Second pass gate operatively 
coupled between the Second differential output and the pass 
gate enabled latch, and the pass gate enabled latch may be 
operatively coupled to the output of the output Stage. A clock 
Signal may be coupled to the first pass gate to enable passing 
of the first differential output to the output of the output 
Stage, the clock signal may be coupled to the Second pass 
gate to enable passing of the Second differential output to the 
pass gate enabled latch, and the clock signal coupled to a 
pass gate of the pass gate enabled latch to enable operation 
of the pass gate enabled latch. A Second clock signal may be 
coupled to the first pass gate to enable passing of the first 
differential output to the output of the output Stage, the 
Second clock signal may be coupled to the Second pass gate 
to enable passing of the Second differential output to the pass 
gate enabled latch, and the clock Second Signal coupled to a 
pass gate of the pass gate enabled latch to enable operation 
of the pass gate enabled latch. A first inverter may be 
operatively coupled between the first differential output and 
the first pass gate, a Second inverter operatively coupled 
between the Second differential output and the Second pass 
gate, and a third inverter operatively coupled to the output 
of the output Stage. 

In one or more embodiments, a method of conditioning 
the output of a differential receiver circuit comprises opera 
tively coupling a differential receiver circuit to an output 
Stage. The output Stage comprises a pass gate enabled latch. 
The differential receiver circuit may output a first differential 
output and a Second differential output and the method may 
further comprise operatively coupling a first pass gate in the 
output Stage between the first differential output and an 
output of the output Stage, operatively coupling a Second 
pass gate in the output Stage between the Second differential 
output and the pass gate enabled latch, and operatively 
coupling the pass gate enabled latch is to the output of the 
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output stage. The method may further comprise coupling a 
clock signal to the first pass gate to enable passing of the first 
differential output to the output of the output Stage, coupling 
the clock signal to the Second pass gate to enable passing of 
the Second differential output to the pass gate enabled latch, 
and coupling the clock signal to a pass gate of the pass gate 
enabled latch to enable operation of the pass gate enabled 
latch. The method may further comprise coupling a Second 
clock signal to the first pass gate to enable passing of the first 
differential output to the output of the output Stage, coupling 
the Second clock signal to the Second pass gate to enable 
passing of the Second differential output to the pass gate 
enabled latch, and coupling the Second clock signal to a pass 
gate of the pass gate enabled latch to enable operation of the 
pass gate enabled latch. The method may further comprise 
operatively coupling a first inverter between the first differ 
ential output and the first pass gate, operatively coupling a 
Second inverter between the Second differential output and 
the Second pass gate, and operatively coupling a third 
inverter to the output of the output Stage. 

In one or more embodiments, a Sense amplifier type input 
receiver comprises a differential receiver circuit operatively 
coupled to output means. 

Other advantages and features will become apparent from 
the following description, including the figures and the 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a Schematic of prior art input Sense amplifier 
type input receiver. 

FIG. 2 shows a block diagram of an embodiment of the 
present invention. 

FIG. 3 shows a schematic of an embodiment of the 
present invention. 

FIG. 4 shows a schematic of an embodiment of the 
present invention. 

FIG. 5 shows a schematic of an embodiment of the 
present invention. 

DETAILED DESCRIPTION 

Referring to the drawings wherein like reference charac 
ters are used for like parts throughout the several views, FIG. 
2 shows an embodiment in accordance with the present 
invention. Generally, in one or more embodiments, the 
invention can be embodied in an improved Sense amplifier 
type input receiver. It is important to Switch the output as 
quickly as possible upon receiving a clock pulse in a 
Synchronous System. 
A Sense amplifier type input receiver in accordance with 

an embodiment of the invention consists of differential 
receiver with good Sensitivity and a mechanism to convert 
differential output to Single ended output and a latch (or 
flip-flop) to Sample and old the output. Outputs of a sense 
amplifier are differential in nature. These differential outputs 
are converted to Single ended and fed to the latch which gets 
updated during the evaluate phase and holds on to the 
previous value during the pre-charge phase. During pre 
charge phase, the differential outputs of the differential Sense 
amplifier are pre-charged to a known voltage, for example, 
V, or V. During the evaluate phase, one of the outputs of 
the differential Sense amplifier changes to another known 
Voltage, while the other output remains at the pre-charge 
value. In one aspect, the present invention exploits the fact 
that outputs are differential and one of the outputs does not 
Switch during the evaluate phase. Also, an output that does 
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4 
not switch has very small or no delay from its path from the 
differential sense amplifier output to the final output of the 
input receiver. 
As will be discussed in detail below, differential outputs 

are fed to the output Stage after passing through inverters. 
The output latch gets enabled during the evaluate phase 
through pass gates. At all times, one of the outputs of 
differential Sense amp goes through Several gate delayS 
before reaching the final output of the input receiver. The 
two paths are in parallel and essentially resolve to the same 
logic. Also, one of the outputs does not Switch. The non 
Switching path is always the faster than the other. Generally, 
the path of the output that has to Switch determines the 
longest path for the timing of the circuit. In the present 
invention, however, the non-Switching, or faster, path deter 
mines the delay to the final output and thus, the Speed of the 
circuit is improved. Also, the disclosed output Stage can be 
used with any differential Sense amplifier. 
AS can be seen in FIG. 2, in one embodiment, a differ 

ential sense amplifier (10) is included, which is coupled to 
an output stage (21). AS before, the outputs (Sense) and ( 
Sense) are initially pre-charged to voltage (V) during the 
pre-charge phase. During the evaluate phase, the outputs 
(Sense) and (Sense) resolve the logic depending on whether 
the signal (PAD) is higher or lower than the reference 
voltage (Vref). If the signal (PAD) is higher than a reference 
voltage (Vref), then the output (Sense) is pulled low and the 
output (Sense) remains high. When the signal (PAD) is 
lower than reference voltage (Vref), then the output (Sense) 
remains high and the output (Sense) is pulled low. One 
skilled in the art will appreciate that one of the outputs does 
not Switch. 

The lines (Sense) and (Sense) are then fed to the output 
Stage (21) after passing through inverters (11) and (12). The 
output stage (21) also receives clock signals (eval clk) and 
(dclk). The use of these two signals (eval clk) and (dclk) 
helps guarantee that stable and correct values of (Sense) and 
(Sense) are passed to the output. 

Referring to FIG.3, in one embodiment, the lines (Sense) 
and (Sense) are coupled to pass gates (15) and (16) through 
inverters (11) and (12) respectively. These pass gates (15) 
and (16) are enabled by the differential signals (pass clk) 
and (pass clk) during the evaluate phase. Differential Signal 
(pass clk) is generated by nanding (eval clk) and (dclk) 
and differential signal (pass clk) is obtained by passing ( 
pass clk) through an inverter (14). The signals (pass clk) 
and (pass clk) disable the pass gates (15) and (16) during 
the pre-charge phase, thereby isolating the output latch from 
the differential sense amplifier. 

In the example shown, the output latch consists of invert 
ers (18) and (19), and a pass gate (17). Inverter (19) is a 
positive feedback inverter that is disconnected during the 
evaluate phase to reduce the delay through the latch. The 
Signals (pass clk) and (pass clk) are used to disable pass 
gate (17) during the evaluate phase and isolates inverter 
(19). This further improves the speed of operation. 
The signals (pass clk) and (pass clk) are also used to 

disable the feedback path whenever there is an update in the 
latch, which helps reduce the delay through the latch. AS can 
be seen, the signals (pass clk) and (pass clk) disable pass 
gate (17), which is used to pass the signal (Sense) through 
inverter (19) and thereby latch the signal. When the pass gate 
(15) is enabled, the signal (Sense) passes through inverter 
(20) to the output (Q). Likewise, from pass gate (16), Sense 
passes through inverters (18) and (20) to reach output (Q). 
When the signal (PAD) is high, the signal (Sense) passes 

through several gates before reaching the output (Q). 
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Essentially, the Sense path defines the CLK to Q path, or the 
delay in the time from which a clock Signal is received until 
the output is produced. Because the line (Sense) does not 
Switch and resolves into the same logic as the (Sense) path 
by simply routing through a pass gate (15) and an inverter 
(20) before connecting to the output (Q), the delay is 
ultimately reduced. Similarly, the path delay of the line ( 
Sense) is reduced even though there exist Several gates on 
that path because the line (Sense) does not switch when the 
signal (PAD) is below reference voltage (Vref). 

Referring to FIG. 4, in one embodiment, pass gate (17) 
can be omitted. This results in inverters (18) and (19) being 
directly coupled as a latch. In this configuration, the Speed 
of the circuit is slightly Sacrificed; however, overall area 
used is decreased and the load on the Signals (pass clk) and 
(pass clk) is reduced. 

Referring to FIG. 5, in one embodiment, an output stage 
can be implemented using only one clock signal by replac 
ing pass gate (15) with an nmos transistor (150), pass gate 
(16) with an nmos transistor (160), and pass gate (17) with 
pmos transistor (170). In this embodiment, the circuit is 
driven with only one clock signal (pass clk). As those 
skilled in the art will appreciate nimos (150) and (160) could 
be replaced with pmos transistors, pmos transistor (170) 
could be replaced with an nmos transistor, and then the 
circuit could be driven with only one clock signal ( 
pass clk). 

Advantages of the present invention may include one or 
more of the following. In one or more embodiments, the 
present invention exploits the fact that one differential 
output has already Switched to Speed up the output path. The 
scheme disclosed reduces the delay from CLK to Q as 
compared to conventional designs, but maintains other ben 
efits of Standard Sense amplifiers. Because the invention 
takes advantage of the fact that one path does not Switch and 
thus, there is no delay involved through the path connected 
to the node that does not Switch. These characteristics are 
particularly useful in Synchronous Systems. Those skilled in 
the art will appreciate that the output may be Switched 
Speculatively to further reduce delay. 

While the present invention has been described with 
respect to a limited number of preferred embodiments, those 
skilled in the art will appreciate numerous modifications and 
variations therefrom. The appended claims are intended to 
cover all Such modifications and variations which occur to 
one of ordinary skill in the art. 
What is claimed is: 
1. A Sense amplifier type input receiver comprising: 
a differential Sense amplifier coupled to an output Stage; 

the output Stage comprising: 
a first pass gate coupled between a first differential 

output of the differential Sense amplifier and an 
output of the output Stage, and 

a Second pass gate coupled between a Second differen 
tial output of the differential Sense amplifier and a 
pass gate enabled latch; 

wherein an output of the latch is coupled to the output 
of the output Stage; 

the pass gate enabled latch comprising: 
a first inverter coupled between an input of the pass 

gate enabled latch and an output of the pass gate 
enabled latch; 

an output of the first inverter coupled to the input of a 
Second inverter; 

a pass gate coupled between an output of the Second 
inverter and an input of the first inverter; 
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6 
a first clock signal coupled to the first pass gate to enable 

passing of the first differential output to the output of 
the output Stage; 

the first clock signal coupled to the Second pass gate to 
enable passing of the Second differential output to the 
pass gate enabled latch; 

the first clock signal coupled to the pass gate of the pass 
gate enabled latch to enable operation of the pass gate 
enabled latch; 

a Second clock Signal coupled to the first pass gate to 
enable passing of the first differential output to the 
output of the output Stage; 

the Second clock signal coupled to the Second pass gate to 
enable passing of the Second differential output to the 
pass gate enabled latch; and 

the Second clock signal coupled to a pass gate of the pass 
gate enabled latch to enable operation of the pass gate 
enabled latch, 

wherein the first and Second clock signals are derived 
from a third clock signal and a fourth clock Signal and 
the differential Sense amplifier and the output Stage 
both input the third clock signal and the fourth clock 
Signal. 

2. The Sense amplifier type input receiver of claim 1, 
further comprising: 

a first inverter coupled between the first differential output 
and the first pass gate; 

a Second inverter coupled between the Second differential 
output and the Second pass gate; and 

a third inverter coupled to the output of the output Stage. 
3. A method of conditioning the output of a differential 

Sense amplifier comprising: 
coupling a first differential output of a differential Sense 

amplifier to an output Stage; 
the output Stage comprising: 

a first pass gate coupled between a first differential 
output of the differential Sense amplifier and an 
output of the output Stage; and 

a Second pass gate coupled between a Second differen 
tial output of the differential Sense amplifier and a 
pass gate enabled latch; 

wherein an output of the latch is coupled to the output 
of the output Stage; the configuration of the pass gate 
enabled latch comprising: 
coupling a first inverter coupled between an input of 

the pass gate enabled latch and an output of the 
pass gate enabled latch; 

coupling an output of the first inverter coupled to the 
input of a Second inverter; 

coupling a pass gate coupled between an output of the 
Second inverter and an input of the first inverter; 

coupling a clock signal coupled to the first pass gate to 
enable passing of the first differential output to the 
output of the output Stage; 

coupling the clock signal coupled to the Second pass gate 
to enable passing of the Second differential output to the 
pass gate enabled latch; 

coupling the clock signal coupled to the pass gate of the 
pass gate enabled latch to enable operation of the pass 
gate enabled latch; 

coupling a Second clock signal coupled to the first pass 
gate to enable passing of the first differential output to 
the output of the output stage; 
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coupling the Second clock signal coupled to the Second 4. The method of claim 3, further comprising: 
pass gate to enable passing of the Second differential coupling a first inverter between the first differential 
output to the pass gate enabled latch; and pling output and the first pass gate; 

coupling the Second clock signal coupled to a pass gate of 
the pass gate enabled latch to enable operation of the 5 coupling a Second inverter between the Second differential 
pass gate enabled latch, output and the Second pass gate; and 

wherein the differential Sense amplifier and the output coupling a third inverter to the output of the output Stage. 
Stage both input the first clock signal and the Second 
clock signal. k . . . . 
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